OPEN Q ACCESS Freely available online 



•0-PLOS I ONE 



The Effect of Temperature on the Toxicity of Insecticides (g\ 
against Musca domestica L: Implications for the Effective cSL 
Management of Diarrhea 

Hafiz Azhar Ali Khan 1 *, Waseem Akram 2 

1 Institute of Agricultural Sciences, University of the Punjab, Lahore, Pakistan, 2 Department of Entomology, University of Agriculture, Faisalabad, Pakistan 



Abstract 

Background: Diarrhea is an important cause of childhood mortality in developing countries like Pakistan because of 
unhygienic conditions, lack of awareness, and unwise use of preventive measures. Mechanical transmission of diarrheal 
pathogens by house flies, Musca domestica, is believed as the most effective route of diarrhea transmission. Although the 
use of insecticides as a preventive measure is common worldwide for the management of house flies, success of the 
measure could be compromised by the prevailing environmental temperature since it significantly affects toxicity of 
insecticides and thus their efficacy. Peaks of the house fly density and diarrheal cases are usually coincided and season 
specific, yet little is known about the season specific use of insecticides. 

Methodology/Principal Findings: To determine the temperature-toxicity relationship in house flies, the effect of post- 
bioassays temperature (range, 20-34°C) on the toxicity of seven insecticides from organophosphate (chlorpyrifos, 
profenofos), pyrethroid (cypermethrin, deltamethrin) and new chemical (emamectin benzoate, fipronil, spinosad) classes 
was evaluated by using a feeding bioassay method. From 20-34 C, the toxicities of chlorpyrifos, profenofos, emamectin and 
fipronil increased 2.10, 2.93, 2.40 and 3.82 fold (i.e. positive temperature coefficient), respectively. Whereas, the toxicities of 
cypermethrin, deltamethrin and spinosad decreased 2.21, 2.42 and 3.16 fold (i.e. negative temperature coefficient), 
respectively. 

Conclusion/Significance: These findings suggest that for the reduction in diarrheal cases, house flies should be controlled 
with insecticides according to the prevailing environmental temperature. Insecticides with a positive temperature 
coefficient may serve as potential candidates in controlling house flies and diarrhea epidemics in hot season and vice versa. 
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Introduction 

Diarrheal infections are amongst the major causes of morbidity 
and mortality among all age groups [1], particularly the under-five 
age group [2], around the globe. Controlling these infections is an 
important task to meet the Millennium Development Goal (MDG) 
no. 4 "Reduce child mortality: Reduce by two thirds, between 1990 and 
2015, the under-five mortality rate". Although death rates of the 
children fall in richer developing regions, the condition is very 
alarming in the poorest regions like Southern Asia and sub- 
Saharan Africa. The statistics revealed that, in 2011, both of the 
regions contributed 5.7 million of the 6.9 million under five deaths 
worldwide, mostly from preventable diseases [3], Of these, 
diarrheal infections are the second leading cause responsible for 
1.5 million child deaths each year. In Pakistan, a child under the 
age of five usually receive on average five episodes of acute watery 
diarrhea per annum, and it is believed as the leading cause of 
childhood deaths [4,5]. Diarrhea is caused by a variety of 
pathogens in the genera like Aeromonas, Campylobacter, Escherichia, 
Salmonella and Vibrio [6]. Although illiteracy, poor water supply, 



sanitation and hygiene play a significant role in very high diarrhea 
cases, mechanical transmission of the pathogens by the common 
house flies, Musca domestica L., (Diptera: Muscidae) has been 
considered the most effective route of diarrheal pathogens 
transmission [5,7,8]. Outbreaks of childhood diarrhea have been 
assumed as closely related to the seasonal abundance of house flies 
while their control with insecticides and/or other measures 
resulted in the decline of such outbreaks [4,5,8,9], and it was 
suggested that the preventive measures which could interrupt 
disease transmission by house flies need to be developed and 
promoted [2,10]. The severity of the problem heightens the need 
to curb the menace of diarrheal infections by controlling house 
flies in an effective manner in order to reduce annual deaths. 

In areas of intensive animal/dairy farming, like the Punjab 
province of Pakistan, animal manure (feces) in the farms is 
generally thought to aid in the multiplication and spread of house 
flies in and/or around the farms, and ultimately transmission of 
different diseases to animals and human beings nearby [11]. 
Synthetic insecticides from all the classes: organochlorine, 
organophosphate, carbamate, pyrethroid and new chemicals, 
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have been used to control house flies worldwide. Since preventive 
measures like the judicious and appropriate use of insecticides 
could be very beneficial in situations where high fly density is 
associated with diarrheal epidemics [2] , but information regarding 
the season specific use of insecticides is lacking. A recent dairy 
farmers' survey in Punjab, Pakistan [4] revealed that the farmers 
were practicing intensive animal farming, but had weak knowledge 
regarding the problems associated with house flies and effective 
management practices. In addition, the survey revealed that there 
was a lack of systematic management plan for house flies which 
ultimately lead to malpractices like inappropriate chemical use 
with no importance to season specific insecticides, storage of 
animal manure in open places etc. These measures resulted in the 
development of insecticide resistance in house flies [12,13] and 
may also be responsible for the high rate of diarrhea cases in urban 
and rural settings in Pakistan. 

In the Punjab province of Pakistan, house flies occur throughout 
the year with fluctuations depending upon different environmental 
conditions, temperature in particular. Since an insect's body 
temperature changes with its surroundings, environmental tem- 
perature can compromise disease vector control by influencing the 
effectiveness or toxicity of the insecticides. High alerts regarding 
the acute watery diarrhea in Pakistan have been declared by the 
National Institute of Health (NIH) in collaboration with the World 
Health Organization (WHO) in summer and winter seasons 2013 
[14] and in the previous years. Studies in Pakistan revealed that a 
high rate of diarrhea cases coincided with the house fly's peak 
density seasons between March and June [2,10]. These are the 
summer months in Pakistan; however, keeping in view the above 
stated alerts, winter months should not be ignored. In this 
scenario, season specific measures are needed which could control 
house flies and ultimately diarrhea transmission in the community. 
Insecticides play a crucial role in the management of insect- or 
vector-borne diseases [15], but metabolic activities in insects, 
responsible for insecticide degradation, are highly temperature- 
dependent. Since insects' body temperature changes with its 
surroundings, therefore surrounding temperature can compromise 
disease vector control by influencing the insecticide toxicity. For 
example, Aedes albopictus and Culex restuans mosquitoes were more 
susceptible to malathion at 30°C than at 20°C [16]. This 
temperature-toxicity relationship can be determined by calculating 
the temperature coefficient of an insecticide. An insecticide with a 
positive temperature coefficient becomes more toxic with the 
increase in temperature, whereas, those with a negative temper- 
ature coefficient become more toxic at lower temperatures [17]. 
Pyrethroid and organophosphate insecticide classes, for example, 
usually have a negative and positive temperature coefficient, 
respectively [18]. However, some studies also revealed variation in 
the toxicity within a given insecticide class [16,19], between insect 
species and temperature range tested [16,20]. Therefore, gener- 
alization of the temperature-toxicity trend could be misleading 
within a given class, and for different insect species. Therefore, by 
considering the temperature-toxicity relationship, malpractices 
(stated above), seasonal coincided peaks in diarrhea and house 
flies, and the importance of insecticidal control of flies, information 
regarding the season specific insecticides or temperature-toxicity 
relationship in house flies should be generated which could be 
helpful to health professionals, entomologists, policy makers and 
livestock owners, and for the people living in and/ or around 
potential fly breeding areas. Such studies are rare in the field of 
house fly-borne disease management by improving the existing 
preventive measures, particularly in Pakistan. Present study focus 
on to explore the correlation between temperature and the toxicity 
of insecticides from different classes by calculating the temperature 



coefficient. It is expected that the result could be helpful in 
selecting appropriate insecticides with positive temperature 
coefficients in summer and negative temperature coefficients in 
the winter months of the year, and the ultimate effect on the 
reduction in diarrheal infections. 

Materials and Methods 

Insects 

Adult house flies of both sexes were collected from a dairy farm 
in Lahore, Punjab, and brought to the laboratory. The flies were 
reared by following the methodology of Khan et al. [21,22] for 
three generations without exposure with insecticides before 
insecticidal bioassays. The flies were placed in screened mesh 
cages (40x30x30 cm) and provided powdered milk and sugar 
(1:1), and water. In addition, for egg laying and immature 
development, a medium containing powdered milk, sugar, yeast, 
grass meal and wheat bran at a ratio of 0.3:0.3:1:2:4 by weight, 
respectively, was also provided. The flies were reared under the 
standard laboratory conditions: 25±2°C, 60±5% RH and 12:12 
light: dark photoperiod. No specific permit was required to collect 
house fly samples from the dairy farm as it was privately owned 
and collection was made merely by arrangement with the owner. 
Since the house fly is not an endangered species, no permission 
was required from any concerned authority in Punjab, Pakistan 
[21]. 

Insecticides and Bioassays 

Commercial formulations of seven insecticides from different 
classes: two organophosphate [chlorpyrifos (Lorsban 40 EC), 
profenofos (Curacron 50 EC, Syngenta)], two pyrethroid [cyper- 
methrin (Arrivo 10 EC, EMC); deltamethrin (Decis Super 10.5 
EC, Bayer Crop Science)], and three new chemical insecticides 
[emamectin benzoate (Proclaim 019EC, Syngenta); fipronil 
(Regent 36EC, Bayer Crop Sciences); spinosad (Tracer 24SC, 
Dow Agro Sciences)], were selected for testing the effect of 
temperature (20, 27, and 34°C ) on toxicity. 

At least five concentrations (causing >0 and < 100% mortality) 
as serial dilutions of each insecticide were made in distilled water+ 
sugar solution (20%) and tested at each temperature. All the 
insecticide concentrations were made on the day of experiment 
and replicated thrice. Feeding bioassays were done by following an 
approved method (#0026 available at http:/ /emefhods.irac- 
online.org/) by the Insecticide Resistance Action Committee 
(IRAC). In short, twenty 3-5-day-old female flies were introduced 
into plastic containers (250 ml) and provided two pieces of cotton 
dental wick (2 cm length) moistened with a sugar water solution 
containing different concentrations of insecticides. In control 
plastic containers, cotton wicks soaked in 20% sugar solution 
without toxicant were provided to flies. The containers were 
immediately placed in growth chambers set at 20±1, 27±1, or 
34±1°C and 60±5% RH with a 12:12 (L/D) h photoperiod. The 
house flies mortality counts were made at 48 h of post-exposure to 
insecticides and all the ataxic flies were assumed dead [22]. 

Data Analysis 

Mortality data of three replicates against each insecticide 
concentration were pooled and analyzed by Probit analysis using 
the software SPSS (Version 10.0 for windows, SPSS Inc., Chicago, 
the USA) to determine median lethal concentrations (LC 50 ). The 
toxicity of insecticides was considered significandy different if the 
confidence intervals (CIs) at LC50 level did not overlap 
[23]. Temperature coefficients of each insecticide tested at different 
temperatures were calculated as the ratio of higher to the lower 
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LC 50 and called negative when the lower LC 50 was at a lower 
temperature and positive when the lower LC 30 at a higher 
temperature [18]. 

Results 

The toxicity of profenofos and chlorpyrifos was found positively 
correlated with the temperature range tested. Based on LC50 
values, the toxicity of profenofos increased significantly to 1.53 and 
1.91 folds at temperatures 27 and 34°C, when compared with the 
toxicity at 20°C (non-overlapping of 95% CIs; Table 1). Similarly 
for chlorpyrifos, the toxicity was increased 1.43 and 1.47 fold at 27 
and 34°C respectively, when compared with the toxicity at 20°C. 
Both the products showed overall positive temperature coefficients 
2.93 and 2.10 fold, respectively, for the temperature range tested. 

In contrast to organophosphates, pyrethroids showed a negative 
association with temperatures tested. The toxicity of cypermethrin 
decreased by 1.46 and 1.52 fold at 27 and 34°C respectively, when 
compared with the toxicity at 20°C (non-overlapping of 95% CIs; 
Table 1), with an overall —2.21 temperature coefficient. Similarly, 
the toxicity of deltamethrin decreased with the increase in 
temperature range, with an overall negative temperature coeffi- 
cient of -2.42. 

In case of new chemical insecticide formulations, emamectin 
benzoate and fipronil showed positive association at all the 
temperatures, whereas spinosad had a negative association. The 
toxicities of emamectin and fipronil increased by 1.83 and 2 folds 
at the temperature 27°C respectively, and 1.31 and 1.91 folds at 
34°C respectively, when compared with the toxicities at 20°C 
(non-overlapping of 95% CIs; Table 1). However, the toxicity of 
spinosad decreased with increase in temperature with an overall 
negative temperature coefficient of 3.16. 

Discussion 

In the present study the influence of three different temperature 
levels was determined on the toxicity of different insecticides in 
house flies. Management of this notorious pest is very important 
for minimizing deadly disease transmissions (e.g. cholera, diarrhea, 
dysentery, poliomyelitis, viral hepatitis A&E) both in animals and 
human beings, and chemical control is amongst the major 
controlling measures [22]. Chemicals used against house flies 
usually caused mortality by disrupting the functions of the nervous 
system [21]. Different metabolic activities in insects' body, 
responsible for the degradation of insecticides and normal 
functioning of the nervous system, are highly temperature 
dependent [24]. Since an insect's body temperature changes with 
its surroundings, environmental temperature can compromise 
disease vector control by influencing the effectiveness or toxicity of 
the insecticide [1 7] . Both of the organophosphates tested in the 
present study showed temperature dependent toxicities, with 
chlorpyrifos being more toxic than profenofos at the highest 
temperature range (34°C) tested. Organophosphate insecticides 
usually have a positive association with surrounding temperatures, 
therefore, these could be assumed theoretically to perform well in 
high temperature conditions [17]. The results are in accordance 
with those reported on organophosphates but with different insect 
pests [20,25,26]. A probable reason for this increased toxicity 
could be increased penetration of the organophosphates into the 
body of house flies. At low temperatures, the toxicity of 
organophosphate insecticides decrease due to the decrease in a 
biological process called biotransformation [27]. A lot of 
enzymatic activities are responsible for different chemical changes 
in the compound during biotransformation. The decrease in 
biotransformation results in elevated level of the original 



compounds which are less toxic than the compounds formed 
through biotransformation. Similar to organophosphates, ema- 
mectin and fipronil also showed positive association with fipronil 
being more toxic at the highest temperature tested. Therefore, in 
theory, the above insecticides should perform better under warmer 
climates. 

Among pyrethroids, cypermethrin had high LC 30 values as 
compared to those of deltamethrin. This could be due to the fact 
that cypermethrin was being heavily used via dipping method to 
treat animals at the dairy farm which might caused selection 
pressure on house flies [12]. In contrast with organophosphates, 
pyrethroids tested in the present study showed a negative 
association with temperature. The results are in accordance with 
already reported on the impact of temperature on pyrethroid 
toxicity with different insect species [18,26,28]. There could be 
many reasons for the decreased toxicity of pyrethroids at higher 
temperatures as have been explored by different researchers 
[27,29,30]. Being axonic poisons, pyrethroids control the move- 
ment of sodium ions during the movement of nerve impulse. The 
sensitivity of neurons increases between the temperatures 15 to 
20°C, which results in repetitive nerve firing. But the reverse has 
been observed at higher temperatures 30-35°C [30]. At low 
temperatures, pyrethroid-exposed neurons receive a high concen- 
tration of the toxicant because of reduced biotransformation, and 
are more sensitive to the resulting stimulus due to a prolonged 
duration of steady-state resting potential [27]. The decrease in 
biotransformation results in the accumulation of the original 
compound which, in contrast to organophosphates, are more toxic 
than the compounds created in the process of biotransformation. 
In addition, sodium influx increases due to the stability of open 
sodium channels at low temperatures [27,31]. Resultantly, 
pyrethroid toxicity in house flies increased at low temperatures, 
perhaps due to any one and/ or combination of the reasons stated 
above. Similar to pyrethroids, spinosad also showed a negative 
association with temperatures tested. Our results on the toxicity of 
spinosad are in agreement with bioassays on 0. nubilalis [18], 
where an inverse relationship between the toxicity and temper- 
ature was observed. Temperature is an important factor in 
affecting the toxicity of microbial insecticides, since spinosad is a 
microbial insecticide [32] which might be a probable reason for 
the decreased toxicity at higher temperatures. However, further 
research is needed to completely understand the phenomenon of 
decreased toxicity of spinosad with the increase in temperature. 
Theoretically, keeping in view the inverse relationship between 
temperature and toxicities of the pyrethroids and spinosad, these 
insecticides should perform better at low temperatures in the field. 

Assessing the impact of temperature on the toxicity of different 
insecticides against a target insect pest is critical in implementing 
chemical-based management strategies with reference to environ- 
mental conditions in a given locality [20]. House flies are 
cosmopolitan pests with the ability to survive in a wide range of 
climates [1 1]. Since regional dairy farms have abundant quantities 
of animal manure, and therefore likely, unhygienic conditions, 
they have been assumed as major breeding and expansion sources 
of house flies and might be a source of diarrhea and other diseases' 
transmission in nearby communities [4]. In addition, unplanned 
and inappropriate use of insecticides could increase the possibility 
of different disease epidemics. In this scenario, there was a need to 
have temperature specific insecticides for better management of 
house flies. As stated above, house flies occur throughout the year 
with fluctuations depending upon the different environmental 
conditions, including temperature. Outbreaks of intestinal diseases 
like diarrhea in urban and rural setdements are closely related to 
the seasonal abundance of house flies while their control resulted 
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in the decline of such outbreaks [4] . Keeping in view the alarming 
situation of diarrhea in summer and winter season in Pakistan, 
appropriate management plans were needed to prevent disease 
epidemics by improving preventive measures planned for house 
flies. This could be achieved by selecting appropriate insecticides 
according to the seasons. Based on our results, organophosphate 
(chlorpyrifos, profenofos), emamectin and fipronil should be 
potential candidates for controlling house flies during the hot 
summer months in Punjab. The average temperature in June in 
the plains including Punjab has been reported to be 38°C [33] and 
March-June was already reported as the peak house fly density and 
diarrheal cases period. In contrast, winters are cold; the diurnal 
variation in temperature may be as much as 1 1— 17°C. Although 
summer is the expected peak season of both flies and diarrhea, 
winter also demands the house flies control to prevent large 
population outbreaks in summer and ultimately diarrheal infec- 
tions. Based on the results, pyrethroid (cypermethrin and 
deltamethrin) and spinosad could provide effective control of 
house flies in winters. Hence, large outbreaks of house fly 
populations and diarrheal epidemics could be controlled by using 
appropriate insecticides according to the prevailing environment 
conditions. Moreover, rotation of insecticides in summer and 
winter will also reduce selection pressure on house flies and 
ultimately delay the development of insecticide resistance [34] . 

In conclusion, toxicity of chlorpyrifos, profenofos, emamectin 
and fipronil to house flies revealed a direct relationship with the 
temperature range tested. Whereas, an inverse relationship 
between temperature and toxicity of cypermethrin, deltamethrin 

References 

1. Boschi-Pinto C, Vclcbit L, Shibuya K (2008) Estimating child mortality due to 
diarrhoea in developing eountries. Bull World Health Organ 86: 710-717. 

2. Chavassc DC, Shier RP, Murphy OA, Huttly SRA, Couscns SN, Akhtar T 
(1999) Impact of fly control on childhood diarrhoea in Pakistan: community- 
randomised trial. Lancet 353: 22-25. 

3. UN (2011) The Millennium Development Goals Report 2011. New York: 
United Nations. 

4. Khan HAA, Akram W, Shad SA, Razaq M, Naeem-Ullah U, et al. (2013) A 
cross sectional survey of knowledge, attitude and practices related to house flies 
among dairy farmers in Punjab, Pakistan. J Ethnobiol Ethnomed 9: 1-8. 
doi:l 0.1 186/1746-4269-9-1. PubMcd: 23281594. 

5. Neilsen M, Hoogvorst A, Konradsen F, Mudasser M, van dcr Hoek W (2001) 
Childhood diarrhea and hygiene: Mothers' perceptions and practices in the 
Punjab, Pakistan. Working Paper 25. Colombo, Sri Lanka: International Water 
Management Institute. 

6. Lindsay SW, Lindsay TC, Duprez J, Hall MJR, Kwambana BA, ct al. (2012) 
Chrysomya putoria, a putative vector of diarrheal diseases. PLoS Negl Trop Dis 
6(11): cl895. doi:10.1371/journal.pntd.0001895 

7. Kobayashi M, Sasaki T, Saito N, Tamura K, Suzuki K, ct al. (1999) Houscflies: 
not simple mechanical vectors of cnterohemorrhagic Escherichia coli 0157:H7. 
Am J Trop Med Hyg 61: 625-629. 

8. Earag TH, Faruque AS, Wu Y, Das SK, Hossain A, et al. (2013) Housefly 
population density correlates with shigellosis among children in Mirzapur, 
Bangladesh: A time series analysis. PLOS Negl Trop Dis 7(6): c2280. 
doi: 10. 1371 /jouraal.pntd.0002280 

9. Cohen D, Green M, Block C, et al. (1991) Reduction of transmission of 
shigellosis by control of houscflies [Musca dornestica). Lancet .337: 993—97. 

10. Chavassc DC, Ahmad N, Akhtar T (1996) Scope for fly control as a diarrhea 
intervention in Pakistan: a community perspective. Soc Sci Med 4.3: 1289—94. 

11. Khan HAA, Shad SA, Akram W (2012) Effect of livestock manures on the fitness 
of house fly, Musca dornestica L. (Diptera: Muscidae). Parasitol Res 111: 1165— 
1171. doi:10.1007/s00436-012-2947-l. PubMed: 22576856. 

12. Khan HAA, Akram W, Shad SA (2013) Resistance to conventional insecticides 
in Pakistani populations of Musca dornestica L. (Diptera: Muscidae): a potential 
ectoparasite of dairy animals. Ecotoxicol 22: 522-527. doi: 10. 1007A10646- 
013-1044-2. PubMed: 233710.32. 

13. Khan HAA, Shad SA, Akram W (2013) Resistance to new chemical insecticides 
in the house fly, Musca dornestica L., from dairies in Punjab, Pakistan. Parasitol 
Res 112: 2049-2054. doi: 10.1 007 /s004.36-0 13-3.365-8. PubMed: 23456023. 

14. Anonymous (2013) Seasonal awareness and alert letter (SAAL) for epidemic 
prone infectious diseases in Pakistan. Ministry of national health services, 
regualations and coordination, government of Pakistan. Available: http://www. 
nih.org.pk/ Accessed 2013 Jan 15. 



and spinosad was observed. The results could be helpful in 
designing effective chemical-based management plans for house 
flies in summer and winter seasons. Owing to poverty, lack of 
awareness and education, people of the developing countries like 
Pakistan usually don't consider house flies as a major pest. 
Resultantly, a major share of their hand to mouth earnings is 
invested every year in the medication of fly-borne diseases rather 
than adopting simple preventive measures against house flies 
(Khan and Akram, personal communication). As recommended 
earlier [4] , training of the livestock owners and the general public 
regarding the problems associated with house flies, and effective 
management of animal manure and human feces could reduce 
house flies densities and their capability to transmit disease 
pathogens. Such training programs should be coupled with the 
information of season or time specific insecticide use. Considering 
the study's constraints of time and cost, we were not able to 
provide a long term field analysis of the use of specific insecticides 
against house flies and the ultimate impact on diarrheal cases. 
Despite this limitation, the findings of the present study have 
important implications for the management of house flies and 
ultimately childhood deaths by diarrheal infections. 

Author Contributions 

Conceived and designed the experiments: HAAK WA, Performed the 
experiments: HAAK. Analyzed the data: HAAK. Contributed reagents/ 
materials/analysis tools: HAAK WA. Wrote the paper: HAAK. 



15. RiveronJ, Boto T, Alcorta E (2009) The effect of environmental temperature on 
olfactory perception in Drosophita melanogaster. J Insect Physiol 55: 943-95 1 . 

16. Muturi EJ, Lampman R, Costanzo K, Alto BW (201 1) Effect of temperature and 
insecticide stress on life-history traits of Culex restuans and Aedes aibopictus (Diptera: 
Culicidae). J Med Entomol 48: 24.3-250. 

1 7. Glunt KD, Blanford JI, Paaijmans KP (2013) Chemicals, Climate, and Control: 
Increasing the effectiveness of malaria vector control tools by considering 
relevant temperatures. PLOS Pathog 9(10): cl003602. doi:10.1.371/journal.- 
ppat. 1003602 

18. Musser FR, Shelton AM (2005) The influence of post-exposure temperature on 
the toxicity of insecticides to Ostrinia nubilalis (Lepidoptera: Crambidae). Pest 
Manag Sci 61: 508-510. 

19. Scott JG (1995) Effects of temperature on insecticides toxicity, 1 1 1-1.35. In RM 
Roe, RJ Kuhr [cds.], Reviews in pesticide toxicology, vol. .3. Toxicology 
Communications Inc., Raleigh, NC. 

20. Boina DR, Onagbola EO, Salyani M, Stclinski LL (2009) Influence of 
posttreatment temperature on the toxicity of insecticides against Diaphorina citri 
(Hemiptera: Psyllidae). J Econ Entomol 102: 685-691. 

2 1 . Khan HAA, Shad SA, Akram W (2013) Combination of phagostimulant and 
visual lure as an effective tool in designing house flies toxic baits. PLoS ONE 8: 
c77225. 

22. Khan HAA, Akram W, Shad SA, Lcc JJ (2013) Insecticide mixtures could 
enhance the toxicity of insecticides in a resistant dairy population of Musca 
dornestica L. PLOS ONE 8: e60929. doi:10.1371/journal.pone.0060929. 
PubMcd: 23613758. 

2.3. Litchfield JT, Wilcoxon F (1949) A simplified method of evaluating dose effect 
experiments. J Pharmacol Exp Thcr 99: 99-103. 

24. Montgomery JC, Macdonald JA (1990) Effects of temperature on nervous 
system: implications for behavioral performance. Am J Physiol Regul Integr 
Comp Physiol 259: R191-R196. 

25. Norment BR, Chambers HW (1970) Temperature relationships in organophos- 
phorus poisoning in boll weevils. J Econ Entomol 63: 502—504. 

26. Salccm MA, Ahmad M, Ahmad M, Aslam M, Sayyed AH (2008) Resistance to 
selected organochlorine, Organophosphate, carbamate and pyrethroid in 
Spodopkra litura (Lepidoptera: Noctuidac) from Pakistan. J Econ Entomol 101: 
1667-1675. 

27. Harwood AD, You J, Lydy MJ (2009). Temperature as a toxicity identification 
evaluation tool for pyrethroid insecticides: Toxicokinetic confirmation. Environ 
Toxicol Chcm 28: 1051-1058. 

28. Li H, Feng T, Liang P, Shi X, Gao X, Jiang H (2006) Effect of temperature on 
toxicity of pyrethroids and endosulfan, activity of mitochondrial Na+-K+- 
ATPase and Ca2+-Mg-ATPase in Chilo suppressalis (Walker) (Lepidoptera: 
Pyralidae). Pestic Biochcm Physiol 86: 151-156. 



PLOS ONE | www.plosone.org 



5 



April 2014 | Volume 9 | Issue 4 | e95636 



Temperature-Toxicity Relationship in House Flies 



29. Narahashi T, Carter DB, FreyJ, Ginsburg K, Hamilton BJ, ct al. (1995) Sodium 
channels and GABA receptor-channel complex as targets of environmental 
toxicants. Toxicol Lett 82/83: 239-245. 

30. Song J, Narahashi T (1996) Modulation of sodium channels of rat cerebellar 
Purkinjc neurons by the pyrethroid tetramethrin. J Pharamcol Exp Ther 277: 
445-453. 

31. Salgado VL, Herman MD, Narahashi T (1989) Interactions of the pyrethroid 
fenvalerate with nerve membrane sodium channels: Temperature dependence 
and mechanism of depolarization. Ncurotoxicology 10: 1-14. 



32. Wcinzicrl R, Hcnn T, Kochlcr PG (1998) Microbial insecticides. ENY-275. 
[Onlinc.J http://edis.ifas.uX.edu/IN081. Accessed 2013 Jan 15. 

33. Anonymous (2013) Climate of Pakistan. Available: http://en.wikipedia.org/ 
wiki/Climate_of_Pakistan. Accessed 2013 Jan 05. 

34. Khan HAA, Akram W, Shad SA (2014) Genetics, cross-resistance and 
mechanism of resistance to spinosad in a resistant strain of Musca domestica L. 
Acta Tropica 130: 148-154. 



PLOS ONE | www.plosone.org 



6 



April 2014 | Volume 9 | Issue 4 | e95636 



